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$\gamma^{n}(n=0,1,2,3)$ Mathematica , Gamma[ui[n]]
. ui , .
, , $A^{**}B^{**}C$ , NonCommutiveMultiply[A, $B,C$]
ProductList $A^{**}B^{**}C$ $\{A,B,C\}$ .
$i$ , .
MakeNewlist
MakeNewlist [xi-]: $=Join$ [$Take[x,i,i]$ ,Drop $[x,\{i,i\}]$ ]
$tr(\gamma^{\mu}\gamma^{\nu})=4g^{\mu\nu}$ , .







$Block$[{$x,imax,z$ ,zl, $z2$ , ans},
x=ProductList $[y]$ ; zl: $=First[x]$ ; z=Rest[x];imax=Length[z];
Return[Sum[(z2=MakeList[z,i];





Block[{imsax=Length[x],i $=1$ , ans$=\{\}$ },
$While[i<=imax,(ans=Append[ans,\neq[[i]]\ [x]];i=i+1)];Return[ans]]$
TraceGamma[Gamma[ui $[1]]^{**}Gamma[ui[2]]$] 4 $g$ [ui [1],ui [2]]
$TraceGamma[Gamma[ui[1]]^{**}Gamma[ui[2]]^{**}Gamma[ui[3]]$ $0$
$TraceGamma[Gamma[ui[1]]^{**}Gamma[ui[2]]^{**}Gamma[ui[3]]^{**}Gamma[ui[4]]$ erk 4 $g[ui[1],ui[4]]$
$g[ui[2],ui[3]]- 4g[ui[1],ui[3]]g[ui[2],ui[4]]$










Traceslash0[slash $[a]^{**}slash[b]^{**}slash[c]^{**}slash[d]$] 4 a . $db$ . c-
4a . $cb$ . $d+4$ a . $bc$ . $d$
.
3.4 1 $[1,2$]
, $(m+p_{\mu}\gamma^{\mu})$ $(m-p_{\mu}\gamma^{\mu})$ $p_{\mu}\gamma^{\mu}$ .
$(m+slash\lceil f])$ $slash[q]$ . , $slash[p]$
, $m$ .
. , TraceSlash .





, $N$ $\mu$ 1 . ,
1 .






$i\gamma^{0}\gamma^{1}\gamma^{2}\gamma^{3}$ . , Mathematica .
$gamma[li[5]]$ $:=I**slash[gamma[ui[0]]]**slash[gamma[ui[1]]]**slash[gamma[ui[2]]*$
*slash[gamma[ui[3]]]
, $i\neq j$ $g^{i_{\dot{\theta}}}=0,g^{0,0}=1,g^{1,1}=-1,$ $g^{2,2}=-1,g^{3,3}=-1$
Mathematica .
77
$g[ui[m_{-}], ui[n_{-}]]:=0/$ ; (IntegerQ[m]&&IntegerQ[n]&&m $=!=n$)
$g[ui[m_{-}], ui[m_{-}]]:=1/$ ; (IntegerQ[m]&&m $==0$)
$g[ui[m_{-}], ui[m_{-}]]:=-1/$ ; (IntegerQ[m]&&m $=!=0$ )
$TraceSlash[gamma[ui[5]]**gamma[ui[5]]]$ 4 , $TraceSlash[gamma[ui[5]]**slash[a]]$
, $TraceSlash[gamma[ui[5]]**slash[a]**slash[b]]$ , $TraceSlash[gamma[ui[5]]**slash[a]*$















$+4Ia[li[3]]b$ [$li[$ l]]c[li[0]]d[ [2]]
$-4Ia[li[1]]b[li[3]]c$ [$li[$O]]d[ [2]]




$-4Ia[li[2]]b$ [$li$ [l]]c[li[0]]d[ [3]]
$+4Ia[li[1]]b[li[2]]c[li[0]]d[li[3]]$
$+4Ia[li[2]]b[li[0]]c$ [$li$ [l]]d[ [3]]
$-4Ia[li[0]]b[li[2]]c$ [$li[$ l]]d[ [3]]







4 $a,$ $b$ $(a. b)$ .










ScalarProductContract[(a . $b)+(b$ . $a)$ ] 2 (a . b) .
4.2
, $(k[2] . k[1])->(k[1] . k[2])$
.
$(k[N1_{-}]. k[N2_{-}])$ $:>$ $(k[N1]. k[N2])$
/; $N1>N2$
.
ScalarConditionRulel $=$ $\{(k[n1_{-}]. k[n2_{-}])$ $:>(k[n2]. k[n1])/;n1>n2$











ScalarContract[((k[l] . $k[2])+(k[2]$ . $k[1])$ ) $((p[1]$ . $p[2])+(p[2]$ . $p[1]))$ ] 4 $(k[1]$
$k[2])(p[1] . p[2])$ .
, ( $p$ . P) $P$ 4 $m^{2}$ , ,
$0$ . , $m$ .
5 $[1],[2],[3]$
5.1
, , . Mathe-


















$\{k1_{-}[1i[a_{-}]][i1_{-}]^{*}p1_{-}[ui[a_{-}]][|1_{-}]->$ $(kl[il] . p1[|1])$ ,
k2 $[1i[a1_{-}]][i2_{-}]^{*}p2_{-}[ui[a1_{-}]][i2_{-}]->(k2[i2]. p2[i2])$ }
80
TensorContractionRule$3:=$
$\{g[1i[a_{-}],1i[b_{-}]]^{*}p_{-}[ui[a_{-}]][ii_{-}]^{*}k_{-}[ui[b_{-}]][|j_{-}]->$ $(p[ii]. k[|j])$ ,
$g[1i[a1_{-}],1i[b1_{-}]]^{*}p1_{-}[ui[a1_{-}]][i1_{-}]^{*}k1_{-}[ui[b1_{-}]][i1_{-}]$



















In [61] $:=In[61]$ $:=$
2
$q$ $g$ [li [mu] , li [nu]]
Out $[61]=(-$ $+k$ [li [mu]] [2] $k$ [li [nu]] [1] $+$
2
$>$ $k$ [li [mul 1 [1] $k$ [li [nul] [2])
2
$q$ $g$ [ui [mu],ui [nu]]




4 $q$ $k$ [1] . $k[2]$ $q$ $k$ [2] . $k[1]$
$0ut[62]=q$ $+$ $+$ $+$
2 2
2
$>$ 2 $p$ $k[1]$ . $p[1]k[2]$ . $p[1]+q$ $p[1]$ . $p[1]$
6
,
, 4 , Mathmatica
. .
[1] , 19, , , 1975 .
[2]I.J.R. , A.J.G. ( ), I $-$ ,
, 1982.
[3] Stephen Wolfram,Mathematica(A system for Doing Mathematica by Computer)
Second Edition,Addison Wesley, 1991.
